The genes decapentaplegic (dpp) and wingless (wg), which encode secreted factors of the TGF-fJ and Wnt families, respectively, are required for the proper development of the imaginal discs. The expression of these genes must be finely regulated since their ectopic expression induces overgrowth and pattern alterations in wings and legs. Genes like patched (pte) and costal-2 (cos-2), and the gene encoding the catalytic subunit of the protein kinase A gene (pkA) are required to restrict dpp and wg expression in their proper positions. We show here that some mutations in the cubitus interruptus (ci) gene also show ectopic dpp expression in the wing disc. We have also analyzed the functional hierarchy between these genes and the gene fused (ju), in the activation of dpp by the hedgehog (hh) signal. ju is required to transmit the hh signal in imaginal discs, since ju mutations rescue the phenotype due to the ectopic hh expression or to the lack of ptc activity. ju is also required for the activation of engrailed (en) caused when hh is ectopically activated in the wing disc. By contrast,ju mutations do not rescue the phenotypic consequences of the abnormal ci, cos-2 or pkA activity. Althoughju, cos-2 and ci probably form part of the same pathway that controls dpp expression, pkA probably controls dpp transcription by a different pathway.
Introduction
The molecular mechanisms underlying pattern formation in imaginal discs are poorly understood (reviewed in Wilkins and Gubb, 1991; Cohen, 1993) . It has been suggested that the interaction between cells in adjacent compartments establishes organizing centers responsible for generating patterns. The secreted factors deeapentaplegie (dpp) (Padgett et aI., 1987) , and wingless (wg) (van den Heuvel et aI., 1989) have been proposed to be key elements in the organization of the imaginal disc adult structures. Changes in dpp (Spencer et aI., 1982; Basler and Struhl, 1994; Capdevila et aI., 1994; Tabata and Kornberg, 1994; Ingham and Fietz, 1995) and wg function (Baker, 1988; Peifer et aI., 1991; Couso et aI., 1993; Struhl and Basler, 1993; Diaz-Benjumea et aI., 1994; Wilder and Perrimon, 1995) produce dramatic alterations in wings and legs.
In addition to wg, other segment polarity genes are required for the development of the adult structures. For instance, mutations in the genes patched (pte) and eostal-2 (eos-2) result in pattern alterations and induce ectopic dpp expression within the anterior compartment of the wing disc (Capdevila et aI., 1994) , whereas mutations in hedgehog (hh) provoke a decay in dpp expression (Basler and Struhl, 1994) . These studies have suggested a model for the control of dpp expression in this disc: the hh gene is transcribed in the posterior compartment under the control of the gene engrailed (en) (Sanicola et aI., 1995; Guillen et aI., 1995; Tabata et aI., 1995; Zecca et aI., 1995) . At the anteroposterior compartment boundary, hh induces dpp transcription in a narrow band of anterior cells (Tabata and Kornberg, 1994; Basler and Struhl, 1994) . Within the anterior compartment, pte prevents dpp transcription, but at the compartment boundary, pte is inactivated by hh, allowing dpp transcription (Basler and Struhl, 1994; Capdevila et aI., 1994; Tabata and Kornberg, 1994) . The ectopic expression of hh in the anterior compartment induces the ectopic expression of dpp and reorganizes pattern (Basler and Struhl, 1994; Tabata and Kornberg, 1994) . In the posterior compartment, the presence of enlinv prevents dpp transcription (Raftery et aI., 1991; Sanicola et aI., 1995; Tabata et aI., 1995; Zecca et aI., 1995) , but if this repression is overcome, there is also reorganization of the pattern Ingham and Fietz, 1995) .
A similar control is observed in the leg disc, although in this case both dpp and wg are the main signals in pattern formation of adult structures. Localized transcription of hh in the posterior compartment directs the expression of dpp and wg in the anterior compartment (Basler and Struhl, 1994) . The combined action of dpp-expressing cells in the dorsal-anterior region and wg-expressing cells in the ventral-anterior region is thought to establish the proximal-distal axis of the leg (Meinhardt, 1983; Campbell et aI., 1993; Diaz-Benjumea et aI., 1994) .
Other genes like protein kinase A (pkA) contribute to restrict dpp and wg expression in wing and leg imaginal discs, in a similar way as pte does. The absence of pkA function results in similar phenotypes as those caused by hh ectopic expression, both of them due to dpp and wg derepression (Jiang and Struhl, 1995; Lepage et aI., 1995; Li et aI., 1995; Pan and Rubin, 1995) . However, it is unknown if pkA is in the pathway whereby hh activates dpp and wg, since some results suggest it is acting independently (Jiang and Struhl, 1995; Li et aI., 1995) .
In the embryo, besides pte, the products of the segment-polarity genes fused (fu), eostal-2 (eos-2 ) and cubitus interruptus (ci) have been shown to mediate the hh signal (Forbes et aI., 1993; Ingham, 1993; Hooper, 1994; Motzny and Holmgreen, 1995) . In the imaginal discs, however, the role of these molecules in the control of wg and dpp is not well characterized. We have analyzed the expression of dpp, wg and other genes in wing and leg imaginal discs of different segment polarity mutants, and examined the epistatic relationship between these genes. We have found that fu plays a central role in mediating the hh signal that activates dpp (Basler and Struhl, 1994; Tabata and Kornberg, 1994) and en (Guillen et aI., 1995) in the anterior compartment of the wing. Our results suggest that eos-2 and ci form part of the same pathway that controls dpp expression but that pkA probably controls dpp transcription by a different pathway.
Results and discussion

Ectopic dpp and wg expression is observed in segment polarity mutants that produce overgrowth o/the wing and leg anterior compartments
Mutations in pte, eos-2 and pkA cause overgrowth in the wing disc, duplications and excess of sensory organs.
All these defects are confined to the anterior compartment and correlate with ectopic expression of dpp (Whittle, 1976; Grau and Simpson, 1987; Simpson and Grau, 1987; Phillips et aI., 1990; Preat et aI., 1993; Capdevila et aI., 1994; Jiang and Struhl, 1995; Lepage et aI., 1995; Li et aI., 1995; Pan and Rubin, 1995) . A similar result is obtained in ci mutant flies. The genetics of ei is complex, since many alleles show dominant phenotypes in the posterior compartment that are due to ectopic expression of the ci gene (Locke and Tartoff, 1994; Slukarski et aI., 1995) . Some ci mutant combinations like ciDlciPlac or ciwlei D present cuticular defects in the thorax as those described above for pte, eos-2 or pkA alleles (Figs. lC,  5A ). In addition, the combination pte tufI ; ciDI+ significantly increases the pte phenotype. A synergistic interaction between pte G20 and ciD mutations has also been reported in the tarsi (Held, 1993) . We have also observed that dpp is derepressed in the anterior compartment of eiwieiDR50 or ciwlci D wing discs (Fig. ID) . All these results suggest that ei may be part, like pte or eos-2, of the pathway that controls dpp expression in imaginal discs. Since the ci alleles we used are gain-of-function mutations, the dpp ectopic transcription could be due to an excess of ei activity, provided by the increased function of the two ci alleles (or in eiWhomozygotes). If so, ci would be an activator of dpp, but only a large excess of ci product would induce ectopic dpp expression. This interpretation is consistent with the proposed role of ci as an activator of wg in the embryo (Hidalgo, 1991; Forbes et aI., 1993; Hooper, 1994; Motzny and Holmgren, 1995) , since wg is the final effector of the regulatory cascade in the embryo as dpp and wg are in the discs.
In the leg disc, dpp is expressed mostly in its dorsal part, whereas wg is expressed and required in the ventral region (Baker, 1988; Couso et aI., 1993; Struhl and Basler, 1993) . The legs of pte, eos-2 and ei mutants also show overgrowth and duplications of anterior structures (Preat et aI., 1993) (Fig. 2D ,G,J). In the leg discs, however, in addition to derepression of dpp, mainly in the dorsal-anterior aspect of the leg disc (Fig. 2E,H,K) , we also observe derepression of wg in the ventral anterior compartment of the same mutant combinations (Fig.  2F,I ,L). A similar derepression of wg has been described in pte mutant clones in the leg (Jiang and Struhl, 1995) . A particular phenotype observed in pte, eos-2 and ci mutant legs is the appearance of extra elements in the sex comb, and the presence of one or several teeth of the sex comb in the second tarsus (not shown). pkA mutant clones also produce more elements in the sex comb (Jiang and Struhl, 1995) . The appearance of ectopic teeth in the second tarsus is also observed in mutations of genes of the Polyeomb group (Capdevila et aI., 1986; Jones and Gelbart, 1990; Girton and Jeon, 1994; Santamaria and Randsholt, 1995) , and is characteristic of other Drosophila species (Garcfa-Bellido, 1983) . It may imply a transformation of distal into proximal structures in the leg. Although mutations in these segment polarity genes cause ectopic wg and dpp expression, clones triple mutant for pkA, dpp and wg still produce a sex comb with supernumerary teeth (Jiang and Struhl, 1995) . This would suggest that there are probably effectors in the leg disc different from dpp and wg, but controlled by the ptc, cos-2, pkA and ci genes.
Interactions between segment polarity genes in imaginal discs
Whereas mutations in ptc, ci, cos-2 and pkA cause overgrowth in the anterior compartments of the wings, mutations in hh and fu cause opposite effects: the scutellum is reduced, containing fewer bristles, and veins III and IV are partially fused ( Fig. 3E ) (Fausto-Sterling, 1978; Mohler, 1988; Lindsley and Zimm, 1992) . As fu has been implicated in the hh transduction pathway in the embryo (Forbes et aI., 1993; Ingham, 1993) , we have studied the relation of fu and other genes that may be in the dpp transduction pathway by (a) looking at the phenotypes of double mutant combinations, (b) monitoring dpp, ptc and ci expression as a molecular marker to infer relationships between these mutants, and (c) studying the effect of overexpression of ptc under heat shock control (HS-ptc) in different mutant backgrounds. We have previously shown that HS-ptc rescues ptc hypomorphs (Capdevila et aI., 1994) but does not produce abnormalities in wildtype flies. We reasoned that if a certain mutation is acting by inactivating ptc function, it could be sup-pressed by heat pulses during the larval period in flies carrying the HS-pte construct. By contrast, any mutation acting downstream of pte would not be rescued by these heat treatments.
fu is acting downstream of pte and hh in imaginal discs
Since the fu phenotype is opposite to that of pte, we have tested the phenotype of doublefu;pte mutant flies.fu mutations are epistatic over pte mutations: while the combinations pte G20 lptd lW , pteG20lpte6P or pteG20lptelN are pupal lethal or show occasional escapers with strong pte phenotype ( Fig. 3A) (Phillips et aI., 1990; Capdevila et aI., 1994) , fu';pteG20IptellW or fu';pteG20Ipte6P flies are viable and show a fu phenotype (Fig. 3C ). The rescue, although occasionally incomplete, extends to all the structures affected in pte mutations, including the derivatives of thoracic and leg discs ( Fig. 3J ; compare with 3H). Held (1993) has also demonstrated that theful mutation is epistatic to the pte G2 0 mutation in the tarsi. By using the GAL-4 system (Brand and Perrimon, 1993) , we have observed thatfu mutants also partially rescue the phenotypes produced by hh ectopic expression ( Fig. 3D ; compare with 3B). Consistently, they also suppress partially the Mrt phenotype, which is due to the ectopic expression of hh (Tabata and Kornberg, 1994; Felsenfeld and Kennison, 1995 ; not shown).
However, fu mutations do not suppress the phenotypic effect caused by hh ectopic expression driven by another GAL-4 line. This line, 30A, drives expression to the proximal region of the wing disc (Brand and Perrimon, 1993) . fu A ;30Al+;UAS-hhl+ males have a phenotype similar to fu A I+;30Al+;UAS-hhl+ females (see for the phenotype of 30Al+;UAShhl+ flies). This could be due to the hypomorphic nature of the fu mutation used, which cannot rescue the ectopic expression of high levels of hh (although it is described as a strong allele; Busson et aI., 1988) , or to the fact that fu mutation poorly rescues the hh ectopic expression in certain positions of the disc. We note that the region where the 30A line is driving expression, in the proximal region of the wing disc , is the region in which ectopic dpp expression is rarely rescued infu;pte discs (see below; Fig. 3G ). We conclude thatfu is working downstream of pte and hh in imaginal discs. Nevertheless,fu mutants show phenotypic alterations only at the anterior-posterior compartment boundary, where there is no pte activity (Capdevila et aI., 1994) . This suggests thatfu is only needed in the absence of pte function, perhaps because the reduction of pte activity allows fu to be functional in the activation of dpp.
hh and fu mutations do not affect wildtype dpp expression similarly. hh mutations reduce the level of dpp transcription in the wing disk (Basler and Struhl, 1994 ; our own results), probably because, in flies with reduced levels of hh, pte is able to repress dpp. Surprisingly, in fu mutations there is a slight increase in the width of the dpp stripe at the end of the third larval instar (not shown). The stripe is also more diffuse, with occasional gaps. In spite of this, the suppression of the pte phenotype by fU mutations correlates with changes in dpp expression in the anterior compartment outside the anteroposterior boundary: dpp is ectopically expressed in the anterior compartment of pte discs (Fig. 3F,I ), but dpp transcription is partially restored to the wildtype pattern in fu;pte discs (Fig.  3G,K) . Since the rescue of fu;pte legs is sometimes nearly complete (Fig. 3J) , perhaps some elements of the dpp pathway are also functional in restricting wg expression in the ventral region of the leg disc. This control in the ventral region would be, then, similar to that of the embryo, since in both cases the final effector is wg (Sampedro and Guerrero, 1991; Forbes et aI., 1993; Ingham, 1993; Ingham and Hidalgo, 1993; Schuske et aI., 1994) .
fu mediates hh-indueed en activation in the anterior compartment of the wing disc
en is transcribed in a few anterior cells close to the anteroposterior compartment boundary in wild type late third instar imaginal wing discs (Blair, 1992) . At this stage, dpp transcription is not abutting the anteroposterior compartment boundary (Blair, 1992) , perhaps because it is repressed by this late en activation. hh is probably causing this en transcription (de Celis and Ruiz-G6mez, 1995; Guillen et aI., 1995) , and, accordingly, ectopic hh transcription in the anterior compartment induces en expression (de Celis and Ruiz-G6mez, 1995; Guillen et aI., 1995) . This en expression in the anterior compartment determines the development of long, thin bristles, typical of the posterior compartment between veins 3 and 4 (Hidalgo, 1994; Tabata et aI., 1995) (Fig. 4A) . We observe that these bristles are absent in the reduced space between these veins in fu mutants (Fig. 4B) , perhaps because the anterior activation of en by the hh product (de There is also derepression of dpp (H) and wg (I) in cos-2V1Cos-12/cos_2V5 and in cP/Ci W leg discs (K,L), similar to that described for pte and Ruiz-G6mez, 1995; Guillen et a\., 1995 males from the same cross there is no en transcription in the anterior compartment (Fig. 4F ). This may explain the wider dpp stripe in late third instar fU larvae described above. It could be due to the absence of en, which normally represses dpp.
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fu is not acting downstream of eos-2
Cos-J 2 eos-2Vl/eos-2V5 flies show phenotypes (Figs. 2G, 5C) and patterns of ectopic dpp expression (Figs. 2H; 5G) similar to those of pte mutants. However, in contrast to the results described above, flies of the double mutant combinationfu1;Cos-J2 eos-2Vl /eos-2V5 do not show afu, but a eos-2 phenotype in the thorax and legs (Fig. 5D,E) . Accordingly, dpp expression injul;Cos-J2 eos-2Vl/eos-2v5 discs is similar to that of Cos-J 2 eos-2vl/eos-2v5 discs (compare Fig. 5H with 5G ). Also consistently, heat pulses during larval development in animals of the combination HS-pte;eos-2 v1 Cos-J 2 /cos-2v5 do not rescue either the cos phenotype or the dpp derepression. We conclude therefore thatju acts downstream of pte and hh but not of eos-2 in the imaginal discs. Preat et ai. (1993) reached the same conclusion with similar experiments.
The ci and pte products regulate each other
We have asked if ju mutations suppress the ei phenotype. Flies of the genotype jul;ciD/Ciw show a mutant phenotype in the wings and legs as that shown in eiD/ei w flies (Figs. 2J, 5A ,B,F). Thus, ci is probably acting downstream of fu, and therefore of pte, in the regulatory cascade, although other combinations of ju and ei mutations suggest there could be further complexity (not shown). The expression of ei can also be used to order the different molecules in the regulatory cascade. The ci gene is uniformly transcribed in the anterior compartment of the wing disc (Eaton and Kornberg, 1990) , with stronger protein expression at the anterior-posterior compartment boundary (Slukarski et aI., 1995) (Fig. 6E ). This protein pattern is very similar to that of pte protein (Capdevila et aI., 1994) (Fig. 6A) , suggesting that pte modifies the ci protein distribution. In pte, eos-2 and ci mutant combinations, the protein levels of ci, as well as those of pte, increase in some regions of the anterior compartment (Fig.  6B-D, F-H) . Consistently, in Mrt discs, in which hh is ectopically expressed (Tabata and Kornberg, 1994; Felsenfeld and Kennison, 1995) , ci protein levels are enhanced in the anterior wing pouch (not shown), in the same region where pte is (Tabata and Kornberg, 1994) . The concomitant changes in the expression of these two products, however, are not restricted to the anterior compartment. In ci gain-of-function alleles, ci and pte proteins exhibit inappropriate expression at the posterior compartment (Slukarski et aI., 1995; Fig 6D,H) . Curiously, dpp is ectopically expressed in the anterior but not in the posterior compartments of these discs. Perhaps the enlinv genes, which repress dpp and pte expression in the posterior compartment (Raftery et aI., 1991; Hidalgo, 1994; Guillen et aI., 1995; Sanicola et aI., 1995; Tabata et aI., 1995; Zecca et aI., 1995) , overcome ci activation of dpp but not of pte.
All these results suggest that ei regulates the protein expression of pte, and pte that of ci (see also Motzny and Holmgren, 1995) . Thus, the levels of ei protein could be regulated by ei itself through a pte-dependent mechanism. In any case, ei could be downstream of some genes of the hh transduction pathway in imaginal discs, as suggested by several results. First, the product of the ci gene is predicted to be a nuclear protein (Eaton and Kornberg, 1990; Orenic et aI., 1990; Slusarski et aI., 1995) , perhaps implying that it could work at the end of the pathway (Forbes et aI., 1993; Slusarski et aI., 1995) , modulating dpp transcription. Second, we have found that heat pulses of pte product in a ei mutant combination do not rescue the ci phenotype, indicating that ci acts downstream of pte. Third, ju mutations do not rescue the ei mutant phenotype, suggesting thatfu is not downstream of ei.
pkA is probably acting in a different pathway to activate dpp
Although pkA mutations cause dpp derepression in the wing disc, the functional relation of this gene with pte and hh is uncertain. It has been proposed that pkA is not acting upstream of pte (Li et aI., 1995; Pan and Rubin, 1995) , but whether it is acting downstream of pte or in a parallel pathway, is controversial (Jiang and Struhl, 1995; Lepage et aI., 1995; Li et aI., 1995; Pan and Rubin, 1995) . To ascertain if pkA is also acting downstream of ju, we constructed flies doubly mutant for ju and pkA. Flies of the genotype jul;pkAP113/2/pkA89/18 present many of the abnormalities associated with pkA mutations like outgrowths and duplications in the notum and wings; in fact, these abnormalities seem stronger in the notum of some flies compared to those of pkAPJJ3/2/pkA89118 flies. The ju phenotype is not rescued either (Fig. 7A,B) . We also made clones of a pkA null mutation (DCQR3; Lane and Kalderon, 1993) in jul males. We observe several clones with the typical abnormalities associated with absence of pkA (Jiang and Struhl, 1995; Lepage et aI., 1995; Li et aI., 1995; Pan and Rubin, 1995) in the wings of these males (Fig. 7C) . These results also support the view that fu is not downstream of the pkA gene. It is interesting to note that pkA clones in the anterior margin transform into bristles corresponding to the region anterior to vein 3 (Jiang and Struhl, 1995; unpublished results) , whereas pte clones in similar regions transform into posterior cells (Tabata et ai., 1995) . Therefore, pkA probably does not induce ectopic en expression, as the absence of pte, or the ectopic expression of hh, do. This suggests that the hh pathway has dpp and en as some of its effectors in the anterior compartment of the wing disc, where as the pkA pathway has dpp, but not en, as one of its targets. 
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Conclusions
The dpp function is essential for growth and patterning of imaginal discs. When hh is ectopically expressed in the anterior cells, it also induces dpp and wg expression. Therefore, all the elements that mediate the hh signal must be present throughout the anterior compartment of the wing disc. One of them, the fu kinase, is needed for this transduction pathway, and also for the hh-dependent en activation in the anterior compartment of the wing disc. fU is downstream of pte and hh, but not of other elements of the pathway like eos-2 and d. The latter is likely to be at the end of the pathway.
fu is probably not downstream of pkA . Besides, pkA is perhaps not mediating the hh-induced en activation in the anterior compartment of the wing disc. These results suggest that pkA is probably not acting in the hh pathway to control wg, dpp and en expression.
The regulatory cascade has similar components in the embryo. The genes fu, eos-2 and d are also required in mediating the hh signal from posterior to anterior cells in embryonic segments. However, the final result of this signal transduction pathway is different: it results in wg transcription in the embryo and in dpp and wg expression in the discs. This discrepancy suggests that there are probably elements still unidentified that discriminate between the two promoters.
Materials and methods
Fly stocks
Wildtype flies were from the Oregon R strain. Mutant stocks are the following: ptc/uf/ (Lindsley and Zimm, 1992) , ptc G20 (Phillips et al., 1990) , ptc lN (Tearle and Nusslein-Volhard, 1987) , ptc llW , ptc 6P (Tearle and Niisslein-Volhard, 1987) , cos-2Vl, Cos-I 2 Lindsley and Zimm, 1992) , fu J (DfazBenjumea and Garcfa-Bellido, 1990), fuA (Busson et al. 1988) , fu mH63 (Wurst and Hanratty, 1979) , Mrt (Felsenfeld and Kennison, 1995) , pkAPB9/IB, pkA PJJ312 , DCOB3 (Kalderon and Rubin, 1988) , ci D , ci w (Lindsley and Zimm, 1992) , ci Plac (Eaton and Kornberg, 1990) , ci DR50 (Slusarski et aI., 1995) . The dpp-lacZ stock is the BS3.0 line (Blackman et aI. , 1991) . The UAS-hh line is described in .
The GALA lines used are: C-765 (Guillen et aI ., 1995) , 30A (Brand and Perrimon, 1993) and C-335a, all gifts from A. Brand. C-335a is driving expression in several spots in anterior and posterior compartments of the wing pouch. C-765 drives generalized expression in the wing pouch and most of the notal region. 30A drives expression mainly in the proximal region of the wing pouch .
Induction of clones
Clones of the DCOB3 allele were induced by the FLP-FRT system (Golic, 1991 ; Xu and Rubin , 1993 among those that did not carry the CyO balancer but carried the MKRS chromosome, by the overgrowths or abnormalities in the wing or notum. ju' males and ju'/+ females, used as controls, were selected and subsequently scored under the dissecting microscope to check for the ck cuticular marker (Linsdley and Zimm, 1992).
Whole-mount immunostaining of imaginal discs
Immunostainings using anti-ptc, anti-wg, and anti-ci antisera were performed essentially as described in Capdevila et aI. (1994) . Imaginal discs from wandering third instar larvae were fixed in 4% paraformaldehyde in PBS for 20 min at room temperature and washed in PBS. For diaminobenzidine (DAB) staining, PBS containing 0.2% BSA, 0.1 % saponin and 5% goat serum was used for blocking and for antibody incubations. Tissue was blocked for 1 h and incubated overnight at 4°C with antici (Slusarski et aI., 1995) , anti-pte (Capdevila et aI., 1994) or anti-wg (van den Heuvel et aI., 1989) antiserum, washed and incubated in a 1 :300 dilution of biotinylated anti-rat, anti-mouse or anti-rabbit antibodies (Amersham), respectively, for 1 h at room temperature. Discs were then washed in PBT (PBS containing 0.1 % Tween 20) and incubated for 30 min in Vector AB elite solution in PBT. After several washes in PBT, reaction was developed in 0.5 mg/ml DAB (Sigma) in PBS containing 0.06% H 2 0 2 • Discs were mounted under coverslips in epon-araldite (Fluka) after dehydration. Imaginal discs were observed and photographed under a Zeiss Axiophot microscope.
For immunofluorescence staining, PBS containing 0.3% Triton X-100 and 5% goat serum was used for blocking and for antibody incubations. After fixation, discs were blocked for 1 h and incubated overnight at 4°C in a mix of two primary antibodies: anti-hh , diluted 1 :200, and anti-en (Patel et aI., 1989) , diluted 1: 10 in incubation buffer. For detection of hh, discs were incubated after several washes in FITC anti-rat (Jackson Immunoresearch Laboratories Inc., 1 :50), and for detection of en, in biotinilated anti-mouse (1:200) and Lissamine-Rhodamine-Streptavidin (Jackson Immunoresearch Laboratories Inc, 1 :200). After several washes in PBS with 0.1% Triton X-100, discs were mounted under coverslips in 4% n-propylgallate in 80% glycerol-PBS. Imaginal discs were observed and photographed under a Zeiss Laser Scan microscope.
X-Gal staining
Imaginal discs were first fixed in 4% paraformaldehyde in PBS for 20 min at room temperature, fixed again in 0.5% glutaraldehyde (Fluka) in PBS on ice for 2 min and washed in PBS. The reaction was developed in 5 mM K 4 [Fe II (CN)6]' 5 mM K 3 [Fe III (CN)6]' 1 mM MgCl 2 and 0.2% X-Gal in PBS containing 0.3% Triton X-IOO. Discs were mounted and observed as described for diaminobenzidine staining.
